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ABSTRACT 
 This study identifies and classifies situational awareness information for copilots 
in the MEDEVAC mission set of Future Long-Range Assault Aircraft (FLRAA) 
platforms. It also provides a basis for follow-on projects to conduct similar research and 
analysis into other aircrew members, other FLRAA missions, and other Future Vertical 
Lift (FVL) platforms including Future Attack Reconnaissance (FARA) and the future 
unmanned platforms. This report describes a five-phased methodology that is both 
repeatable and expandable. Follow-on capstone projects can leverage this method to 
identify the top situational awareness information for the various mission sets and crew 
positions. Once the critical situational awareness information is identified and classified, 
the latest technologies can be proposed against those functions to maximize situational 
awareness. In addition, the situational awareness drivers can then be leveraged toward the 
identification of cognitive workload drivers when combined with user surveys. 
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This capstone project created a framework for current aircrew situational awareness 
requirements that could be leveraged across platforms and aircrew positions. This 
framework used the medical evacuation (MEDEVAC) mission set under the Future Long-
Range Assault Aircraft (FLRAA) as a starting point, focusing on the copilot aircrew 
position. The conclusions of the report build to answer the overarching question: What is 
the significant situational awareness (SA) information relevant to the Future Attack 
Reconnaissance Aircraft and FLRAA copilot in a MEDEVAC mission scenario? This 
question was answered using five stand-alone sub questions which together provide the 
qualifications that constitute “significant” in the overarching question.  
This capstone project concluded that MEDEVAC tasks often include multiple 
function types simultaneously which challenge the crew to apply their training and 
knowledge in multiple simultaneous situations. Most tasks assigned to a copilot fall under 
the Communicate and Subsystem Status overarching functions with 67.5% and 52.1% 
tasks, respectively. The SA information with the most relationships within copilot tasks are 
visual observations, maps, information received via radio calls, calculated weight, and fuel 
information. Most tasks, require the copilot to have an SA of Level II, which requires the 
copilot to both perceive and comprehend the information presented to him/her. Multiple 
tasks require the copilot to use more than one observation technique at the same time; in 
addition, most tasks require the use of the visual observation technique. Lastly, it is 
concluded that the multi-function display in the cockpit is an essential system that has a 
high degree of utilization, currently supporting SA for the completion of 28.2% of tasks. 
This capstone project recommends that all the results presented herein are used to 
design the FLRAA cockpit and to further analyze the top five pieces of SA information 
identified since they are involved with the most U.S. Army aviation functions. It is also 
recommended to use a Model-Based Systems Engineering tool to conduct future analysis 
on the Operator Task Analysis and spider diagram modeled in this capstone project to 
further break down tasks into functions that can be linked to a material solution. Another 
recommendation is to survey the user community through questionnaires and using the 
xviii 
Taylor’s Situation Awareness Rating Technique evaluation tool on the HH-60 and UH-60 
crew members would aid in capturing the significant cognitive workload drivers during a 
mission. This capstone report also recommends that a market analysis is conducted to 
identify the latest or emerging technologies for the FLRAA cockpit that would improve 
how the SA information is presented to the copilot with focus on maps, information 
transmitted via radio calls, visual observations, OV-1 information, and fuel information. 
Lastly, this capstone report recommends leveraging this framework to analyze other users, 
platforms, and missions. 
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I. INTRODUCTION 
Throughout the years of United States (U.S.) Army aviation, across all aircraft and 
mission sets, a level of situational awareness (SA) has been required for each member of 
the aircrew to successfully perform their respective tasks. SA can be defined as “the state 
of one’s ability to perceive relevant information within one’s sphere of interest, understand 
the impact of that information on the task(s) at hand, and project future states based on 
possible actions” (Joint Publication 3-50 Personnel Recovery 2007). The evolution of 
technology over the years has affected the type, quality, medium, and amount of SA 
information available. The digital cockpit in Army rotorcraft has enabled innovative new 
ways to provide SA, and numerous companies and government organizations have leapt at 
the opportunity to develop and introduce their version of SA information technologies to 
integrate onto the various platforms. These capabilities can increase the level of mission 
effectiveness; however, improper organization of the information limits the benefits of SA 
for the user. To avoid creating extra work, Copeland and Mance urge that the information 
“must be correct for the task to be performed and be presented in a way that is 
understandable” (Copeland and Mance 2014). If the information is incorrect, outdated, 
latent, or misleading, then a potentially hazardous situation could result (Copeland and 
Mance 2014). 
The science and technology (S&T) community must evaluate and organize the 
growing amount of SA capabilities currently under development so that the right 
information is being presented to the aircrew member. This information must also be 
presented in the best medium, to the appropriate member, and at the right time to perform 
the correct task. Currently, SA solutions are being developed ahead of any functional 
analysis and being pieced together post-development without an overarching plan for how 
each solution should map together. This capstone project documents the methodology and 
results for performing systems engineering (SE) analyses on the future long-range assault 
aircraft (FLRAA) medical evacuation (MEDEVAC) copilot tasks. The results capture the 
current levels of SA information required for the copilots to perform their respective tasks 
as well as identify the current forms in which the copilots receive the SA information. 
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The U.S. Army is modernizing its aviation program through the Future Vertical Lift 
(FVL) initiative (Gertler 2021). Under this program, the Army plans to develop up to five 
new aircraft of different sizes with a mixture of manned and unmanned systems. The plan 
is for the systems to share as much common hardware as possible, including sensors, 
avionics, engines, and countermeasures. By understanding the technologies capable of 
supporting the design, the shared hardware is anticipated to reduce costs and accelerate 
design, development, and deployment of these systems. (General Services Administration 
(GSA) 2020). 
In an effort to prioritize workload assistive technologies for the FVL platforms and 
missions, the Holistic Situational Awareness–Decision Making (HSA–DM) program has 
initiated actions to identify the cognitive workload drivers for the FVL platforms and 
missions. According to HSA–DM, the current priority platform sets are the Future Attack 
Reconnaissance Aircraft (FARA) and the FLRAA, both of which are manned aircraft. 
According to the Initial Capabilities Refinement Document (ICRD) for the FVL program, 
the plan for the FARA and FLRAA platforms is to incorporate a family of systems modular 
open systems approach (MOSA) to aircraft design (Murray 2020). MOSA provides the 
U.S. government with an avenue for maximum adoption and innovation from industry and 
facilitates tailorable hardware and software solutions for the warfighter (Murray 2020). 
The goal is not identical cockpit designs; rather, it is to incorporate a common approach to 
the design, layout, and task management structure, resulting in high reusability between 
like functions when applicable. Under a common human machine interface (HMI) concept, 
the primary focus is the operator vehicle interface (OVI) which will incorporate a common 
aviation approach that directs control station commonality across Army platforms (Murray 
2020). To accomplish this, the program will leverage available data and digital networking 
formats, filtering that content into a layout that accommodates the roles and responsibilities 
of the operators with respect to the varying levels of automation. This initiative requires 
three major lines of effort including information and task management, controls and 
displays, and ergonomics. 
This capstone project supports the overall FVL program by addressing the FLRAA 
platform in the information and task management line of effort. It will focus on the 
3 
responsibilities of the copilot in the MEDEVAC mission set. The copilot, also known as 
“the pilot not flying,” is the aircrew position typically holding the responsibilities of radio 
transmissions, mission information receipt, fuel state calculations, intercom 
communication with the back seat aircrew, and management of other onboard resources. 
This capstone project provides a starting framework that can be replicated for additional 
platforms, aircrew positions, and mission sets. 
A. THE SYSTEM: FVL - FLRAA 
The FVL initiative began in 2008 in response to increasing concerns that the 
Department of Defense (DOD) focused much of its financial resources and workforce on 
existing rotorcraft variants and not new innovative programs (VTOL n.d.). According to 
Andrew Feickerk from the Congressional Research Service, the “FVL is an ambitious plan 
to replace all U.S. DOD’s helicopters with next-generation rotorcraft to increase speed, 
range, altitude, automation, connectivity, reliability, and maintainability of the fleet.” 
Additionally, FVL is listed as one of the top six priorities in the 2019 Army Modernization 
Strategy (Feickert 2020). FVL technology is also planned to be incorporated by the Marine 
Corps and Navy, which will allow for co-development in their next-generation rotorcraft 
known as the Attack Utility Replacement Aircraft (AURA) (Beinart 2019). Although a 
benefit the joint services, the Army is the lead service provider of FVL (Gertler 2021). Five 
different sizes of aircraft are being developed in the FVL programs, sharing standard 
hardware components. Two of the five aircraft are currently undergoing active 
development, FLRAA, and FARA (Gertler 2021). FLRAA is being designed to replace the 
Army UH-60 Black Hawk and Marine H-1 “Huey” utility helicopters, and FARA is being 
developed to replace the current Apache attack helicopter (Gertler 2021). 
As requested by the HSA-DM program, the FLRAA platform will be the focus of this 
research concerning copilot SA in a MEDEVAC mission. According to the Program 
Executive Office (PEO) Aviation, “the FLRAA is a pre-Major Defense Acquisition 
Program (MDAP) Acquisition Category (ACAT) 1C that will develop and field the next 
generation of affordable vertical lift tactical assault/utility aircraft for the Army” 
(Aviation 2020). PEO Aviation states that the “FLRAA will provide the Joint Force with 
an aircraft that possesses increased speed, range, survivability, and maneuverability to 
4 
allow the Army to retain overmatch against enemy forces” (Aviation 2020). Bell Textron 
Inc. and Sikorsky Aircraft Corporation (in partnership with The Boeing Company) have 
each developed their own unique prototypes for demonstrating their capability for 
meeting FLRAA’s requirements (Gertler 2021). Both companies are taking different 
approaches to their efforts. Bell has designed their V-280 (Figure 1) as a “tiltrotor aircraft 
like the V-22 Osprey, with engines and rotors at the end of its wings that swivel” (Gertler 
2021). Sikorsky/Boeing has designed their SB-1 (Figure 2) as a “compound helicopter 
using twin coaxial rotors to provide lift and a pusher propeller to enhance speed” (Gertler 
2021). The program is currently in the Competitive Demonstration and Risk Reduction 
(CD&RR) phase II, and Initial Operating Capability (IOC) is expected in 2030 (Gertler 
2021).  
 
Figure 1. Bell V-280. Source: Gertler (2021). 
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Figure 2. Sikorski/Boeing SB-1. Source: Gertler (2021). 
B. PROBLEM STATEMENT 
To date, stakeholders have indicated that the plan for organizing SA information 
has not been fully addressed under FVL. As a result, the U.S. Army has begun research 
and investigation in the area of SA for the human systems integration (HSI) aspects of the 
FVL systems, according to HSA-DM. This capstone project will focus on addressing the 
SA aspects of the FLRAA platform copilot that is engaged in a MEDEVAC mission set. 
This capstone project will provide the HSA-DM program with the background information 
required to implement maintainable SA information to the aircrew. This capstone report 
will answer the following primary question: 
• What is the significant SA information relevant to the FLRAA copilot in a 
MEDEVAC mission scenario?  
This primary question will be answered through the culmination of answering the 
following sub questions: 
• What overarching functions hold the highest proportion of tasks expected 
to be performed by the MEDEVAC copilot?  
• What are the most frequently observed interactions between SA 
information and the various tasks that the copilot performs? 
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• What level of SA is the most frequently required by a MEDEVAC 
copilot? 
• What observation techniques (OT) are the most frequently used by a 
MEDEVAC copilot? 
• What technologies are used most frequently to manage the copilot’s SA 
and decision making?  
C. RESEARCH OBJECTIVES 
To address the research questions, this capstone project will develop a taxonomy 
for SA demands on the MEDEVAC copilot through completion of the following 
incremental objectives:  
1. Identify previous studies related to Army aviation and SA that can be 
applied to the FLRAA MEDEVAC mission. 
2. Define the overarching Army aviation functions (aviate, navigate, 
communicate, subsystem status, operational viewpoint (OV-1) awareness, 
weapon engagement, survivability, and localized threat awareness) related 
to the MEDEVAC copilot responsibilities. 
3. Identify the overarching function (s) with the most tasks assigned to the 
MEDEVAC copilot 
4. Determine and classify the SA information required to perform the 
overarching Army aviation functions.  
5. Identify the interactions and relationships between the SA information and 
the functions. 
6. Align functional requirements with generic system components (i.e., 
specific C4ISR and flight control systems) and identify which of these 
systems aid in achieving optimum situational awareness of the 
MEDEVAC copilot. 
7 
D. CAPSTONE OVERVIEW 
This capstone project provides a framework for addressing SA from the perspective 
of the MEDEVAC copilot. Chapter II provides a literature review of studies, papers, 
reports and Army publications related to SA in order to inform the problem statement and 
methodology for analysis. Chapter III provides a five phased methodology utilized to 
answer the questions raised in the problem statement. It leverages the concepts and 
procedures laid out in the literature to flesh out copilot SA related responsibilities and 
requirements into a multi-tabbed spreadsheet, an Innoslate diagram, and a function to form 
diagram. Chapter IV provides the results of these analyses along with the capstone team’s 
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II. LITERATURE REVIEW 
The Literature Review covers research on the FVL-FLRAA system, MEDEVAC 
mission, SA studies, and its application to future military aviation systems. The objective 
of this chapter is to lay out the mission set framework and describe previous work focused 
on aligning the SA state of the copilot with the multitude of factors that contribute both 
positively and negatively to the copilot’s SA during the MEDEVAC mission. This chapter 
will also identify successes and shortfalls of previous studies, providing insight that will 
guide the systems engineering methodology and results contained in the subsequent 
chapters of this capstone report. 
A. AIRCREW TRAINING MANUAL, UTILITY HELICOPTER, H-60 
SERIES 
The aircrew of the H-60 series aircraft are trained in accordance with (IAW) – 
Aircrew Training Manual (ATM), Utility Helicopter, H-60 Series dated 15 June 2020 
(United States Army Maneuver Center of Excellence (USAMCE) 2020). This ATM is a 
“how to” source for performing aircrew member functions and responsibilities. The ATM 
provides performance standards and evaluation guidelines to clearly communicate the 
expectations to all aircrew members. A comprehensive list of mandatory tasks as shown in 
Figure 3 below, must be completed and evaluated for the aircrew members to qualify on 
the aircraft (USAMCE 2020). Each task is evaluated in accordance with the standards in 
the ATM. The capstone team will use the ATM to define the functions that the copilot is 
responsible for which will be further discussed in Section 2. An example list of potential 
copilot responsibilities is shown below in Figure 3. 
10 
 
Figure 3. ATM Aviator Task List. Source: Aircrew Training Manual 
(ATM), Utility Helicopter, H-60 Series dated 15 June (2020). 
The U.S. Army Maneuver Center of Excellence is the proponent of Training 
Circular (TC) 3–22.69, Advance Situational Awareness (ASA) (USAMCE Directorate of 
Training and Doctrine, Doctrine and Collective Training Division 2021). This document 
outlines techniques and requirements for ASA training for Soldiers, especially the ones 
assigned to integrate ASA concepts into training of their troops. The main purpose of the 
training, according to the manual, is to develop ASA and “optimize human performance 
through building the skills necessary to develop agile, resilient, adaptive, and innovative 
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Soldiers who thrive in conditions of uncertainty and chaos” (USAMCE 2021). The TC 
explains that when one uses the senses at full capacity, it requires the brain to perform 
many processes. Diligence and training are necessary to improve these skills . According 
to the manual, “the use of the sensory system provides input into a soldier’s decision-
making process” (USAMCE 2021). The TC explains in detail how to enhance ASA by 
using OT (i.e., the five senses: sight, sound, touch, smell, and taste). The information 
gathered through the senses is then analyzed and this analysis is called critical thinking, 
where the brain is used to perform cognition, memory and perception. These three are 
considered to be key functions (USAMCE 2021). Cognition is the ability of “processing 
information and applying knowledge, using existing knowledge, and creating new 
knowledge” (USAMCE 2021). Memory is the ability of retaining that knowledge over 
time. Perception requires “the mental, physical, and physiological filters through which a 
person views the world around them” (USAMCE 2021). The OT explained in this 
document will be leveraged to develop the methodology for this capstone report in Chapter 
III. The team will use the information provided in the TC as a reference when identifying 
the significant interactions between SA information and the various tasks that the copilot 
performs. Additionally, this information will help to identify the proper technologies to 
manage the copilot’s SA and decision making. 
B. COPILOT RESPONSIBILITIES 
There are many responsibilities which may affect SA functions that the aircrew 
members must perform to execute MEDEVAC missions within their assigned aircraft. In 
this section, the copilot functions are discussed IAW the ATM. The copilot performs all 
responsibilities delegated to him/her by the pilot-in-command. The copilot monitors all 
mission equipment and uses the flight management system/central display unit 
(FMS/CDU) for communication, navigation (I.e., operation of digital maps), and mission 
information (USAMCE 2020). The copilot assists the pilot-in-command with the following 
(not all inclusive) tasks: pre-flight checks and planning, maintaining airspace surveillance, 
monitoring the flight instruments and the flight director/display control panel (FD/DCP) 
selected mode annunciator lights, performing radio communication procedures related to 
evacuation requests using the 9-line evacuation request form and monitoring radio and air 
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traffic control (ATC) information not monitored by the pilot-in-command, performing fuel 
management functions, monitoring and providing warning of obstacles (such as trees or 
other terrain), unannounced drift, and altitude changes using the horizontal situation 
indicator and vertical situation indicator (USAMCE 2020). The copilot will audibly 
announce each task when conducted for the aircrew’s, specifically the pilot-in-command’s, 
awareness. In addition, the copilot assists the pilot with the identification of conditions 
prior to takeoff and at landing. When performing navigation by pilotage or dead reckoning, 
the copilot monitors and provides to the pilot-in-command information such as the heading, 
altitude, and airspeed changes. The copilot uses tabular data, or other in-flight dynamic 
instrumentation or software to determine if hover out of ground effect (HOGE) capability 
exists. Additionally, the instruments are used to determine if the maximum power is 
available and what ingress or egress route is best suited for the environment. (USAMCE 
2020). The copilot also assists with sling load operations, emergency, and communication 
procedures (USAMCE 2020).  
All of these aforementioned procedures and processes affect the SA of the copilot 
in maneuvering the aircraft to perform mission tasks. In chapter 8 of the ATM, aircrew 
coordination training is discussed which requires the following: communicating positively, 
being explicit, announcing actions, acknowledging actions, directing assistance, offering 
assistance, coordinating action sequence and timing, and finally, providing aircraft control 
and obstacle advisories (USAMCE 2020). Furthermore, these coordination elements 
ensure the interaction between aircrew members foster safe, efficient, and effective 
performance of tasks. These elements are required to be briefed by the pilot-in-command 
and stressed as critical elements of each and every mission (USAMCE 2020). 
The stakeholder, HSA-DM, provided the HSA-DM Task Decomposition Database 
to the team to assist with the determination of tasks/functions that the copilot may complete 
for this capstone project. The stakeholder-provided database provides a comprehensive 
master task list that is derived from the H-60 ATM. The master task list is broken into tabs 
by mission type (i.e., Air Assault, Resupply, MEDEVAC-CASEVAC, etc.). In each tab 
the tasks associated with that specific mission type are further broken down and defined. 
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The database information will be further discussed in Chapter III of this project report. The 
database may be found in Appendix A. 
The HH-60M Operator’s Manual, TM 1–1520-280-10, contains descriptions of the 
aircraft and its internal systems including avionics and mission equipment (Department of 
Army 2017). The Operator’s Manual describes each procedure performed by the copilot 
including checklist steps. It also describes each of the onboard systems leveraged by the 
aircrew members to accomplish the MEDEVAC mission. This manual will be leveraged 
in Chapter IV of this capstone project to identify the current equipment onboard related to 
task accomplishment and SA. 
C. SITUATIONAL AWARENESS (MILITARY AVIATION) 
Following the information gathering phase with the study team and the stakeholder 
organization (HSA-DM), the capstone project team combined the stakeholder’s guidance 
with previous SA studies. The studies were reviewed to better understand the concept of 
SA and how the considerations would apply to the future military aviation systems. The 
most common definition for SA, which will be used throughout this capstone project, is 
“the state of one’s ability to perceive relevant information within one’s sphere of interest, 
understand the impact of that information on the task(s) at hand, and project future states 
based on possible actions” (Joint Publication 3-50 Personnel Recovery 2007). This 
definition provides a comprehensive understanding of SA. According to Copeland and 
Mance, “SA is not a thing, rather it is a psychological, iterative process of perception, 
understanding and decision making” (Copeland and Mance 2014). Figure 4 is a pictorial 
representation of how the SA process works. This capstone project leverages the concept 
in Figure 4 as the methodology for the receipt of inputs to the user (perception), the 
understanding of that information (comprehension), and the resulting actions taken 
considering some internal analysis (decision making). Since the main research objective 
for this capstone project is to identify the significant SA information relevant to a FLRAA 
copilot in a MEDEVAC mission scenario, it was imperative for the capstone team to 
understand the concept of SA. 
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Figure 4. Psychological Iterative Process. Source: Copeland and 
Mance (2014). 
1. Information Overload Affects SA 
In 2009, Major Tom Deveans and Lieutenant Colonel Robert H. Kewley (2009) 
from the West Point Operations Research Center released a report detailing their findings 
on SA information and how they contribute to overcoming information overload in the 
UH-60 and AH-64 cockpits. This effort had three objectives: 
1. Identify and establish a hierarchy of information requirements for 
pilots/copilots. 
2. Research and identify current commercial state-of-the-art intuitive 
display technologies and research possible Heads-Up Display (HUD) 
symbology layout and design. 
3. Calculate the visual, cognitive, auditory, motor, speech, and tactile 
workload on pilots/copilots and determine if, how, and where workload 
can be reduced by changing user interface elements and display 
technologies. (Devean and Kewley 2009, 1)  
The methodology for Devean and Kewley’s (2009) study is shown in the diagram 
in Figure 5, and their approach will be leveraged to develop the methodology for this 
capstone report in Chapter III. 
15 
 
Figure 5. Methodology for Overcoming Information Overload in the 
Cockpit Study. Source: Deveans and Kewley (2009). 
Deveans and Kewley (2009) accomplished the first objective by performing a 
functional analysis for two missions. Due to time constraints, they focused on a Black 
Hawk air assault mission and an Apache convoy security mission to perform a functional 
breakdown of the pilot and copilot tasks; then, they derived the associated SA information 
required to accomplish each of these tasks. Different variables were applied to the missions 
to simulate unplanned situations that could be encountered; examples of the conditions 
include severe weather, minor aircraft malfunctions, or rerouting to a different landing zone 
(LZ). The functional analysis for the UH-60 mission is shown in Figure 6. In this figure, 
the top level function of delivering internal payload with a UH-60 is broken down into 
thirteen subfunctions; it also shows how the first nine subfunctions are conducted serially, 
while the last four subfunctions are conducted in parallel throughout the mission. Once the 
SA information was derived and mapped out, MAJ Deveans and LTC Kewley (2009) 
conducted pilot/copilot surveys to rank the SA information from most important to least 
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important to develop a prioritized hierarchy. The hierarchy for the UH-60 mission tasks is 
shown in Table 1 and provides a better understanding of which portions of SA information 
should receive the most focus for each mission task. In this table, each subfunction contains 
a list of applicable SA information in that row required to perform that subfunction. The 
list is prioritized with the most important information starting at the left. 
 
Figure 6. UH-60 Functional Analysis for Delivering Internal 
Payload. Source: Deveans and Kewley (2009). 
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Following completion of the first objective, Deveans and Kewley (2009) 
researched multiple innovative technological solutions to determine if they could be used 
to reduce cognitive workload for the users. The tactical situational awareness system 
(TSAS) is a system that utilizes various haptic signals to relay SA information to the pilot 
and copilot through wearable vests and belts (Deveans and Kewley 2009). Other 
technologies presented similar haptic feedback through different mediums that conformed 
to the users’ skin or were felt through the seat (Deveans and Kewley 2009). Despite the 
advantages from the technologies providing additional SA, there were certain issues that 
required consideration (Deveans and Kewley 2009). Wearing additional gear can be 
cumbersome and uncomfortable to the users; the users’ attention could be drawn away 
unnecessarily to the discomfort of the gear, or there may be an unwillingness to utilize the 
18 
gear for the mission (Deveans and Kewley 2009). Also, the vibration coming from the 
aircraft could disrupt the tactile signals being relayed to the pilot or copilot (Deveans and 
Kewley 2009). Other cueing researched included audio cueing and three-dimensional (3D) 
audio (Deveans and Kewley 2009). They demonstrated that 3D audio cueing provides 
additional context to the user by producing commands from different directions. For 
example, they explained that navigational commands can provide heading information 
from the required direction, in the headset. In addition to tactile and audio cueing, Deveans 
and Kewley (2009) researched variations of heads up display (HUD) symbology that could 
be used to provide SA information. 
Upon conclusion of the available technologies research, both current and 
alternative cockpit designs using the new technologies were input by the West Point 
Operations Research Center team into the human systems integration improved 
performance research integration tool (IMPRINT). The purpose of this was to simulate the 
amount of cognitive workload for each cockpit design in a given mission scenario. The 
simulations showed significant workload reduction for the Black Hawk and Apache 
alternative cockpit designs compared to the baseline designs. Deveans and Kewley (2009) 
concluded that the available haptic technologies, especially TSAS, combined with 3D 
audio would significantly reduce individual resource and overall workload experienced by 
pilots and copilots (Deveans and Kewley 2009). The results for the UH-60 simulations are 
shown in Figure 7. It is apparent in the top two pie graphs that the visual and cognitive 
resources account for the majority of the UH-60 pilots’ and copilots’ overall workload in 
the current configuration, so targeted focus from new technologies on these resources could 
show significant impact to reducing the workload (Deveans and Kewley 2009). By 
applying tactile technologies, 3D audio, and the voice activated intercommunication 
system (ICS) into an alternate cockpit configuration, the results in the bottom two pie charts 
indicated that the visual workload was reduced and shifted to the tactile resources (Deveans 
and Kewley 2009). 
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Figure 7. UH-60 Workload Simulation Results. Source: Deveans and 
Kewley (2009). 
2. Situational Awareness Ratings 
In 2014, the U.S. Army Research Laboratory Human Research and Engineering 
Directorate (ARL/HRED) published a report by Hicks et al. with the results of more than 
3,000 pilot SA ratings collected for U.S. Army aircrafts including the UH-60 (Hicks et al. 
2014). To understand SA, Hicks et al. used the Endsley model of SA as seen in Figure 8. 
According to Endsley, “the model provides a basis for discussing SA in terms of its role in 
the overall decision-making process” (Endsley 1995). The model includes three (3) levels 
of SA: Level 1 “Perception of Element in Current Situation,” Level 2 “Comprehension of 
Current Situation,” and Level 3 “Projection of Future Status.” According to Hicks et al., 
each task, mission segment, and stimulus may require different levels of SA and ideally, 
SA is “transferred at different levels among relative variable occurrences, and an overall 
concept of the mission and aircraft parameters is established that is constantly revised 
throughout the mission and based on pilot actions” (Hicks et al. 2014). The assessment of 
SA is important, as it directly impacts the pilot and aircraft performance. The findings of 
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this report intended to prove that “SA should increase the probability of decision making 
and performance by aircrews when conducting flight and mission tasks” (Hicks et al. 
2014). 
 
Figure 8. Endsley’s SA Model. Source: Hicks et al. (2014). 
Hicks et al. used Situation Awareness Rating Technique (SART) scale rating to 
evaluate the SA of a group of pilots. The pilots from different aircraft platforms followed 
up each mission by completing a SART questionnaire to record the levels of SA they 
experienced. “The interview data provides information on how well the pilots perceived 
the simulation environment and potential threats” (Hicks et al. 2014). Hicks et al. described 
that Taylor (1989) developed SART in order to evaluate the demand, supply, and 
understanding SA components of various aircrew systems. The components are 
subcategorized in ten (10) dimensions as shown in Figure 9. According to Hicks et al., 
“Taylor proposed that SA depends on the pilot’s understanding (U) (e.g., quality of 
information they receive) and the difference between the demand (D) on the pilot’s 
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resources (e.g., complexity of mission) and the pilot’s supply (S) (e.g., ability to 
concentrate)” (Hicks et al. 2014). “When D exceeds S, there is a negative effect on U and 
an overall reduction of SA” (Hicks et al. 2014). The formula SA = U – (D – S) was used 
by Hicks et al. to obtain an overall SART score. Hicks et al. derived from Endsley (2000) 
that “the SART is one of the most thoroughly tested rating scales for estimating SA..” 
Hicks et al. then requested the pilots and copilots to rate each SA dimension on a seven-
point rating scale (1 = low, 7 = high). This measurement technique was derived from 
Salmon, Walker and Green (2006) as a subjective measure of SA. The results of this study 
indicate that the UH-60 pilots and copilots “typically experienced moderate to above 
moderate levels of SA” (Hicks et al. 2014). The methodology followed by the ARL/HRD’s 
study, and the Endsley’s SA model will be leveraged to develop the methodology for this 
capstone report in Chapter III. 
 
Figure 9. SART Multidimensional rating scale for pilots to report 
their perceived SA. Source: Hicks, Durbin, and Morris (2014). 
3. SA Error Taxonomy 
In 2000, Endsley and Garland published a paper “Pilot Situation Awareness 
Training in General Aviation.” In this paper they derived from Endsley’s 1995 study about 
accidents among major airlines that “88% of those involving human error could be 
attributed to problems with SA as opposed to problems with decision-making or flight 
skills” (Endsley and Garland 2000). Additionally, Endsley and Garland published that the 
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National Aeronautics and Space Administration (NASA) Aviation Safety Program has 
“identified SA as one of the seven major task areas targeted for human error reduction” 
(Endsley and Garland 2000). According to Endsley and Garland, NASA’s Aviation Safety 
Reporting System (ASRS) and Endsley’s SA error taxonomy were used by Jones and 
Endsley to examine SA aviation errors (Endsley and Garland 2000).As shown in Figure 
10, the SA Error Taxonomy table shows that SA errors can be allocated to different levels 
of SA and attributed to a wide range of factors such as “data not available,” “data hard to 
detect,” “misperception of data” and “incomplete/poor mental model” (Endsley and 
Garland 2000). The SA Error taxonomy will be leveraged to conduct the methodology for 
this capstone report in Chapter III. 
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Figure 10. SA Error Taxonomy. Source: Endsley and Garland (2000). 
2. SA Criteria for Airworthiness 
The U.S. Military Handbook, MIL-HDBK-516C “establishes the airworthiness 
certification criteria, standards and methods of compliance to be used in the determination 
of airworthiness of all manned and unmanned fixed and rotary wing air systems” 
(Department of Defense 2014). According to the handbook, SA is defined as “the ability 
to identify, process, and comprehend critical, perceived elements of information in one’s 
environment in order to make decisions about a future state and/or needed actions” 
(Department of Defense 2014). This definition supplements the SA definition used 
throughout this capstone report. The capstone team used the reference described in this 
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handbook in the development of the methodology described in Chapter III. According to 
the handbook, information presented to the MEDEVAC copilot “can, or will, affect SA” 
therefore, “if a system or information presented to the copilot is for ‘SA purposes’, 
performance must be demonstrated to prove that the information or system contributes 
(increases SA) and does not increase workload or present potentially hazardous and 
misleading information” (Department of Defense 2014). 
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III. METHODOLOGY AND APPROACH 
This chapter of the capstone report describes the methodology for the analysis used 
to answer the questions posed in the problem statement in Chapter I. The questions involve 
the identification of SA information, interactions between functions and tasks affecting SA, 
and technologies that provide and manage SA. A five-phased approach is described which 
leverages the systems engineering framework depicted in Figure 11 to create a taxonomy 
of data organization and refinement, ultimately leading to a concise excel data file and 
function to form diagram that answers the objectives of the problem statement. In the 
previous chapters of the capstone report, the first steps for the systems engineering 
framework are addressed, including information gathering, problem definition; and initial 
concept development including the problem statement identification. This chapter will 
outline the process for completing the remaining concept and engineering development 
efforts depicted in Figure 11. This effort includes analysis of the MEDEVAC mission set, 
collecting aircrew tasks and relating them to the seven overarching aviation functions; 
applying critical thinking principles leveraged from the SA studies in Chapter II to identify 
SA requirements for those aircrew tasks within the overarching functions; refinement of 
the resulting data down to specific MEDEVAC-unique copilot tasks and SA requirements; 
modeling the interactions between tasks under the seven functions to provide a graphic 
depiction of SA requirements; and lastly, creation of a function to form diagram outlining 
the technologies that currently provide SA information to the copilot. 
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Figure 11. Capstone Project Systems Engineering Framework. 
Adapted from Blanchard and Fabrycky (2011). 
A. PHASE I: CLASSIFICATION OF TASKS 
The U.S. Army aviation functions in general can be broken down into seven areas 
according to the HSA-DM program. The below definitions were developed by the capstone 
team and then agreed upon by HSA-DM: 
1. Aviate: The control inputs required to effectively maneuver the aircraft 
from takeoff to final landing in accordance with designated procedures to 
meet performance standards, observe operating limits and ensure safety of 
flight. 
2. Navigate: The required monitoring, actions, and updating of the aircraft’s 
altitude, course, and speed to safely transit toward the intended 
destination. 
3. Communicate: The internal, external, verbal, and non-verbal 
communication of the pilot’s intentions, requests, or other essential 
information with air traffic controllers, other aircraft, other members of the 
crew and ground personnel during flight. 
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4. Subsystem Status: The monitoring and response to flight, mission, and 
weapon systems statuses and diagnostics affecting safety of flight or 
mission accomplishment. 
5. OV-1 Awareness: The awareness and perception supported by the 
available user interfaces depicting the mission, class of mission, or 
mission scenario information. 
6. Weapon Engagement: Procedures supporting the identification, targeting 
and employment of weapon systems at designated targets. 
7. Survivability and Localized Threat Awareness: The “capability of [the 
aircraft] and its crew to avoid or withstand a hostile environment without 
suffering an abortive impairment of its ability to accomplish its designated 
mission” (Defense Acquisition University [DAU] n.d.). 
Phase I was the initial step toward answering the overarching question from the 
problem statement of this capstone project: What is the significant SA information relevant 
to the FLRAA copilot in a MEDEVAC mission scenario? 
During Phase I, the capstone team used the Task Decomposition Database, 
provided by the stakeholders and discussed in Chapter II, to organize the provided aircrew 
tasks into one or more of the seven overarching U.S. Army aviation functions. 
Approximately 411 tasks were initially included in the database referenced from technical 
manuals. Tasks that were marked as “FOUO” were removed in order to keep this project 
and the associated data as an unclassified, distribution A releasable document. Using the 
original database as a starting point, a new column was added to the spreadsheet which 
identified which of the seven U.S. Army aviation overarching functions the task applies to 
(aviate, navigate, communicate, subsystem status, OV-1 awareness, threat/survivability). 
A common key was identified which described the overarching functions to assist with 
identifying the abbreviations used in the new column. Initially, the group identified these 
functions jointly but quickly realized that “group think” was limiting the amount of input 
from individual team members. The capstone team used this realization to readjust the 
method of decomposing each task so that each team member individually decomposed each 
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task. This action not only allowed the group to think individually but also allowed each 
team member to better understand the provided tasks. The capstone team members then 
consolidated the individual responses and came to consensus on each task. Next, columns 
not required for this project were eliminated from the database to reduce the data down to 
only the tasks and descriptors required to fully understand each task. 
The database was shared with an academic advisor to provide a pilot’s input into 
the rationale. The input was incorporated into the database, and, in some cases, additional 
functions were added to the tasks based on pilot experience that the team was not aware of. 
The database was also provided to a panel of Army pilots for validation. 
B. PHASE II: DATABASE TASK REFINEMENT 
Phase II analysis answered the problem statement sub question: What overarching 
function holds the highest proportion of tasks expected to be performed by the MEDEVAC 
copilot? 
During Phase II, the capstone team assigned unique identification numbers (UID) 
to the 408 unique tasks initially included in the Task Decomposition Database for the 
purpose of traceability. To organize the overarching functions with their allocated tasks, a 
tabbed spreadsheet was created (one tab per overarching function). The capstone team 
further analyzed each task within each of the overarching functions and applied the criteria 
defined below. The criteria were applied to remove non-relevant tasks outside of the scope 
of this capstone project. Additionally, this process aided in the determination of which of 
the overarching functions contains the most tasks performed by a MEDEVAC copilot. The 
tasks with the following characteristics were inside the scope of this capstone project: 
Criteria 1: Tasks specific to the MEDEVAC mission.  
• Weapons engagement and Survivability and Localized Threat Awareness 
functions were eliminated.  
Criteria 2: Tasks completed from engine start to engine shutdown.  
• All preflight and postflight tasks were eliminated. 
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Criteria 3: Tasks performed by the copilot. 
• The pilot-in-command assigns tasks to the copilot dependent on mission;
tasks involving the use of flight controls were eliminated, including all
tasks that fell strictly under the Aviate overarching function.
C. PHASE III: SA REQUIREMENTS ANALYSIS (INTERACTIONS)
The Phase III analysis answered the problem statement sub question: What are the
most frequently observed interactions between SA information and the various tasks that 
the copilot performs? 
During this phase, human factors analysis was conducted on the remaining tasks 
from Phase II by identifying the SA information required to complete these MEDEVAC 
copilot tasks and determine the interaction and relationships between the different pieces 
of applicable SA information and the tasks. A tailored operator task analysis (OTA) was 
conducted to understand the human interactions required for each task and to identify the 
associated SA information required to complete each task. The output from this analysis 
included the following for each task: 
• SA Information: The information that alerts the user of a certain condition.
• Required action: The action that is performed by the user based on the
stimulus.
• Feedback: The change in the action stimulus that happens based upon the
user’s response.
• Potential errors: Provides the potential sources of human error that would
cause task failure.
The OTA format used on this capstone project was tailored from a sample OTA 
derived from Blanchard and Fabrycky (2011) as shown in Figure 12. The sample format 
includes columns for action stimulus, task classification, time allowable and time 
necessary, workstation, and skill level. The capstone team decided the definition for SA 
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information included the action stimulus. Action stimulus is the stimulus that initiates the 
user to perform an action; SA information is defined in this project as information that 
alerts the user of a certain condition and information required for copilot to perform task. 
Therefore, the capstone team used the term “SA Information” in the OTA in place of 
“Action Stimulus.” The other columns from the sample OTA format previously mentioned 
were removed due to time constraints, subject matter expertise constraints, or lack of 
applicability due to the narrow scope of the capstone project. For example, capturing the 
workstation for each task was not applicable, since all of the tasks would be performed 
from the copilot seat. Also, defining the time allowable and the time necessary for each 
task required dedicated MEDEVAC copilot input which was not available during the 
limited time constraints. It was also determined that the timing requirements for each task 
could vary in length depending on the unique situations that could arise during each 
mission. 
 
Figure 12. Sample format for OTA. Source: Blanchard and Fabrycky 
(2011). 
The capstone team divided the tasks and used inherent knowledge, the UH-60 
ATM, and the Operator’s Manual to determine the data for the tailored OTA. Once the 
draft was composed, it was shared with the advisors and the stakeholders for further 
refinement. 
With the SA information identified for each of the tasks, the relationships between 
the SA information and the tasks were developed in Microsoft Excel and modeled in the 
model-based systems engineering (MBSE) tool Innoslate. The purpose for this step was to 
ensure that SA information was available for each task, to identify certain tasks that require 
a significant amount of SA information, and to identify SA information that was required 
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for several tasks. Understanding these relationships helped identify SA informational 
overload or underload for any given task as well as determine the priority for specific SA 
information over another. These relationships were also modeled in Innoslate as a spider 
diagram. The spider diagram visually mapped out the relationships and interactions of 
different system aspects. In this case, the system aspects being modelled were the 
MEDEVAC copilot tasks and the SA information. 
D. PHASE IV: SA REQUIREMENT ANALYSIS (ENGINEERING 
DEVELOPMENT) 
Phase IV analysis answered the following two problem statement sub questions: 
What level of SA is the most frequently required by a MEDEVAC copilot, and what OT 
are the most frequently used by a MEDEVAC copilot? 
To assist in answering these questions, the capstone team created a new spreadsheet 
to initiate the Phase IV Requirements Analysis. The capstone team’s analysis used the 117 
refined tasks as a result from Phase III’s OTA to determine the SA level, the SA error 
taxonomy, and the OT. Endsley’s (2005) SA Model was used to analyze each copilot task 
and SA information to determine what level of SA will be required by the copilot. 
According to the model, “Level I – perception of elements in current situation, Level II – 
comprehension of current situation, or Level III – projection of future situation” (Endsley 
2005). The capstone team found that Level II tasks included Level I tasks. Level III tasks 
comprised of both Level II and Level I. In this capstone project, each task was evaluated 
individually with its own SA level rating and not grouped with multiple SA levels. Each 
task was reviewed in order on the spreadsheet and assigned the respective SA Level based 
on the capstone team’s process of asking the following questions: 
When making a decision –  
1. Does this task use perception of what may happen in a current situation? 
2. Does this task use the data of what is currently happening in the situation 
(comprehension)? 
3. Does this task project what could occur in a future situation (something 
that has not happened yet)?  
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If a task alluded to the perception of something that may potentially occur, the 
capstone team assigned a level of I. If a task alluded to using data from a current situation 
and comprehension of that data to make a decision, the level II was assigned. Level III was 
assigned if a task alluded to the perception, comprehension, and projection of something 
occurring in the future. 
Next, the capstone team analyzed each copilot task to determine the potential SA 
errors at each SA level (I, II, or III). Endsley and Garland’s (2000) Error Taxonomy was 
used to analyze each task with its assigned SA level. To determine the appropriate error 
taxonomy, the capstone team first looked at the SA level that was assigned to the task. 
Next, the capstone member used the Error Taxonomy model to determine if the potential 
SA errors could be caused by the low SA level. If the level and definition of the error 
corresponded to the task, the appropriate potential errors were added to the Potential SA 
Errors column in the spreadsheet. For example, the copilot task is “Monitor the remaining 
fuel quantity and the continuing rate of consumption,” and the SA level assigned was I. 
The potential errors using the Error Taxonomy could be – failure to monitor/observe data 
– the copilot did not monitor the fuel quantity and the continuing rate of consumption. Or 
a potential SA error could be – misperception of data – the copilot did not perceive the fuel 
data correctly.  
Finally, the capstone team used TC 3–22.69 ASA Chapter 3 to analyze and 
determine the OT of each copilot task. Dependent on the task, the following OT were 
selected: visual, sound (receiver), and sound (sender). At the time of analysis, haptic/tactile 
observation was not used in this project. If a task could be perceived by the sense of sight, 
it required a visual technique, therefore that task was assigned “visual” in the spreadsheet’s 
OT column. In the example used above, the task was assigned “visual” due to the task and 
its applicable data being only observed from a visual perspective. If a task could be 
perceived by the sense of sound, it required a sound technique, therefore the task was 
assigned “sound” in the spreadsheet’s OT column. The capstone team then used the Process 
of Listening as shown in Figure 13 to determine which role (sender or receiver) the operator 




Figure 13. Process of Listening. Source: United States Army 
Maneuver Center of Excellence, Directorate of Training and Doctrine, 
Doctrine and Collective Training Division (2021). 
E. PHASE V: FUNCTION TO FORM DIAGRAM 
Phase V of the approach addressed the final problem statement sub question: What 
technologies are used most frequently to manage the copilot’s SA and decision making? 
The OTs from the SA requirements analysis developed in Phase IV were leveraged, 
along with the SA information and required actions identified in the OTA, to identify the 
technologies from the HH-60M Operator’s Manual (described in Chapter II) that are 
necessary to perform each task. This phase identified the form for deriving SA information 
(SA system), as well as the form used to complete any required action (action system), in 
a spreadsheet that also includes the task UID, overarching function(s), task description, and 
OTs. The SA systems were then mapped through the task UID to the overarching functions 
associated with those tasks in six function-to-form diagrams. These diagrams provide the 
framework for identifying future technologies with greater capabilities for optimizing SA 
for the MEDEVAC copilot (such as haptic, audible, or visual aids). 
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IV. RESULTS 
A. PHASE I RESULTS AND OBSERVATIONS 
After organizing the spreadsheet into a workable document, the overarching 
functions were identified for each task. An example of the spreadsheet is indicated in 
Figure 14. 
 
Figure 14. Screenshot of Phase 1 Database Spreadsheet 
Some of the rows in the database did not constitute actual tasks, rather they were 
headings over multiple tasks. Those rows were not included in the total task count. After 
identifying the overarching functions for each task, most tasks were identified as falling 
into the aviate, navigate, communicate, and subsystem status functions. Of the 408 tasks 
provided in the Task Decomposition Database, 50% of the tasks were identified as 
communicate functions, 38% of the tasks were identified as subsystem status functions, 
35% of the tasks were identified as aviate functions, and 25% were identified as navigate 
functions. Table 2 indicates the percentages of tasks for each function. 
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Table 2. Phase I Task to Function Statistics 
Overarching Function Tasks Quantity Tasks Percentage 
Aviate  144 35.3% (144/408) 
Navigate 100 24.5% (100/408) 
Communicate 205 50.2% (205/408) 
Subsystem Status 157 38.5% (157/408) 
OV-1 69 16.9% (69/408) 
Weapons Engagement 34 8.3% (34/408) 
Threat-Survivability 59 14.5% (59/408) 
 
B. PHASE II RESULTS AND OBSERVATIONS 
After the analysis of the 408 tasks from the Task Decomposition Database, a total 
of 291 tasks were found not to meet the criteria defined in Chapter III. Subsequently, 117 
tasks were found to be within the scope of the capstone project and further analyzed during 
Phase III. To determine which of the overarching functions contains the most tasks to be 
performed by a MEDEVAC copilot, the quantity of tasks per overarching function was 
calculated. The tasks percentage for each function was calculated by dividing the total 
number of tasks in a function by the total tasks evaluated. A summary can be seen in Table 
3. Communicate and Subsystem Status overarching functions have the most tasks with 
67.5% and 52.1% tasks, respectively. 
Table 3. Summary of Tasks per Overarching Function Analyzed 
Overarching 
Function Tasks Quantity Tasks Percentage 
Communicate 79 67.5% (79/117) 
Subsystem Status 61 52.1% (61/117) 
OV-1 Awareness 35 29.9% (35/117) 
Navigate 33 28.2% (33/117) 
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C. PHASE III RESULTS AND OBSERVATIONS 
The Phase III analysis resulted in a tailored OTA for the 117 tasks derived in Phase 
II. The resultant OTA is captured in Appendix C and an excerpt of the OTA is captured in 
Table 4. The OTA identified a total of 91 unique pieces of SA information that are required, 
and several of these pieces of information are required for multiple tasks. This OTA 
verified that each MEDEVAC copilot task had a corresponding piece of SA information 
and vice versa. 
Table 4. MEDEVAC Copilot Tailored OTA Excerpt 
 
 
These relationships were captured in a spreadsheet found in Appendix D and an 
excerpt is presented in Table 5; the relationships were also modeled in Innoslate and can 
be built upon for further analysis beyond this capstone project. 




Utilizing the data created from the relationship spreadsheet in Appendix D, a Pareto 
chart was developed to show the most frequent SA information that is required for the 117 
MEDEVAC copilot tasks which is shown in Figure 15. Of note, the five top pieces of 
information with the most relationships with copilot tasks include visual observations (11), 
maps (10), information received via radio calls (10), calculated weight (8) and fuel 
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information (7). Conversely, some tasks were identified that required several pieces of SA 
information. For example, the task of performing electronically aided navigation required 
the aircraft heading, maps, altitude, waypoints, planned route information, and the current 
progress of the route. 
 
Figure 15. SA Information Frequency for MEDEVAC Copilot Tasks 
D. PHASE IV RESULTS AND OBSERVATIONS 
Phase IV highlighted the fact that there are multiple potential SA errors that could 
occur when a copilot does not receive the appropriate SA information to perform a task. In 
addition, there may be multiple OTs required for each task. Table 6 provides an excerpt to 
visualize the requirements analysis spreadsheet, and the full results are located in Appendix 
E. The capstone team found the following after conducting the Phase IV requirements 
analysis: when the capstone team assigned the SA levels to the tasks, the team found that 
16 of the 117 tasks were identified to be Level I tasks, 58 tasks were identified as Level II, 
and 43 tasks as Level III. These results show that 13.7% of the tasks required the copilot 
to have perception of his/her current situation only, 49.6% required the copilot to perceive 
and comprehend his/her current situation, and 36.7% required the copilot to have a higher 
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level of SA (perception, comprehension, and prediction of decision). When the team 
assigned the SA Errors IAW Endsley and Garland’s the Error Taxonomy (2019), it was 
found that 81 of the copilot tasks had the potential for multiple SA errors. Of those 81 tasks, 
five were Level I, 48 were Level II, and 28 were Level III. When the capstone team 
assigned the OTs, it was found that 83 of the 117 total tasks had multiple OTs associated 
with them. This result shows that 70.9% of the copilot tasks require the use of multiple 
OTs. Of those 83 tasks, 14.5% require SA Level I, 43.4% require SA Level II and 42.2% 
require SA Level III. Further analysis revealed that 73.5% of the 117 tasks require visual 
OT, 46.1% of the tasks require sound (receiver), and 62.3% require sound (sender).  
Table 6. Requirements Analysis Excerpt 
 
A total of 58 tasks required Level II SA. In addition, the Level II tasks had the most 
multiple potential errors and OTs associated with them. The data in Table 7 is derived from 
the Phase IV Analysis Spreadsheet and provides evidence that Level II tasks have the 
greatest number of potential SA errors and OTs associated with them in every category.  










 Tasks with 
Multiple OTs  
 Tasks w/ 
Visual OT 
 Tasks w/ 
Sound 
(Receiver) OT 
 Tasks w/ 
Sound 
(Sender) OT 
I 16 5 12 8 10 11 
II 58 48 36 41 30 37 
III 43 28 35 37 14 25 
Total 117 81 83 86 54 73 
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E. PHASE V RESULTS AND OBSERVATIONS 
The OTA, the SA information provided in Phase III, and the OT provided in Phase 
IV proved invaluable in identifying the systems currently used on the HH-60M for 
providing SA to the copilot. Appendix F provides the complete results and breakdown of 
all systems used to derive SA and systems used to complete the tasks. The six diagrams in 
Figures 14–18 provide useful visual tools for determining which systems are providing SA 
for the largest number of copilot tasks. Since many of the copilot tasks fall into multiple 
overarching aviation functions, several overarching function groups resulted. With the 
tailored task list including only copilot tasks involved in the navigation, communication, 
OV-1 awareness, and subsystem status functions, a total of 29 systems are currently 
leveraged for the MEDEVAC copilot’s SA. These systems are listed in Table 8. 
Table 8. Systems Providing Copilot SA 
Overarching Function System Tasks (UIDs) 
Communicate 
Air Speed Indicator via Multi-
Functional Display (MFD) 433 
Communicate Any/All Internal Systems 212, 220 
Communicate Authentication Document 449 
Communicate 
Intercommunication System (ICS) 




Blue Force Tracker (BFT) via 
MFD 





Transponder Control Screen via 
Flight Management System (FMS) 356 
Communicate, 
Subsystem Status AN/ARC-231 via FMS 451, 477 
Communicate, 
Subsystem Status Checklist 174, 175, 176, 177, 179 
Communicate, 
Subsystem Status DD Form 365–4 (Form F) 
170, 175, 176, 177, 180, 
214, 215, 231, 271 
Communicate, 
Subsystem Status Digital Clock 233, 234 
Communicate, 
Subsystem Status 
Flight Information Publication 
(FLIP) 305, 306, 447 
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Overarching Function System Tasks (UIDs) 
Communicate, 
Subsystem Status 
HH-60 Emergency Indicator 
Lights & Sounds 273, 278, 280, 281 
Communicate, 
Subsystem Status Operator’s Manual 
170, 174, 175, 176, 177, 
179, 180, 181, 182, 214, 
215, 218, 231, 271, 360 
Communicate, 
Subsystem Status 
Performance Planning Card (PPC) 
via FMS 172, 216 
Communicate, 
Subsystem Status 
Standard Operating Procedure 
and/or Signal Operating 









Multi-Band Radio via 
Headset/Helmet 
14, 15, 115, 116, 117, 
121, 122, 130, 132, 133, 
135, 185, 186, 188, 219, 
221, 243, 255, 296, 305, 






EICAS Display via Multi-
Functional Display (MFD) 
229, 230, 231, 233, 234, 




Status Eyes Outside 
130, 185, 220, 240, 241, 
242, 243, 244, 245, 246, 
247, 248, 335, 379, 380, 




Status Flight Management System (FMS) 
100, 104, 172, 216, 225, 
226, 227, 291, 365, 368, 





Two or more Systems 
Simultaneously via the Multi-
Functional Display (MFD) 
100, 104, 105, 130, 168, 
185, 211, 213, 226, 227, 
229, 230, 231, 233, 234, 
235, 241, 242, 243, 254, 
255, 268, 269, 271, 291, 
300, 341, 342, 368, 369, 





Portable Flight Planning Software 
(PFPS) via Laptop 184, 187, 189, 299 
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116, 117, 121, 131, 229, 
230, 240, 241, 244, 245, 





WX-500 Stormscope via Multi-
Functional Display (MFD) 130, 185, 242, 243 
Navigate, 
Communicate, 
Subsystem Status Altimeter 171, 211, 321 
Navigate, 
Communicate, 






193, 194, 301, 397, 410, 
443 
Subsystem Status 
Extended Range Fuel System 
(ERFS) 272 
Subsystem Status Physical Equilibrium 193 
 
The embedded electronic system on the aircraft that provides SA for the greatest 
quantity of tasks is the multi-band radio, with 27 tasks. The overarching function overlap 
of communication and subsystem status mapped to the largest number of devices for 
providing the SA, at nine devices, as shown in Figure 16 and Figure 17. Figure 18, Figure 
19, and Figure 20 depict the remaining function-to-form relationships, which contain less 
tasks and systems overall. 
 
Figure 16. Function-to-Form Sub-Diagram 1 
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Figure 17. Function-to-Form Sub-Diagram 2 
 
Figure 18. Function-to-Form Sub-Diagram 3 
 
Figure 19. Function-to-Form Sub-Diagram 4 
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Figure 20. Function-to-Form Sub-Diagram 5 
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V. CONCLUSIONS AND RECOMMENDATIONS 
The capstone team was able to reach multiple conclusions regarding the FLRAA 
MEDEVAC copilot SA research questions. The capstone team confidently developed a 
methodology and approach to address the FVL programs concerns pertaining to SA 
demands on the MEDEVAC copilot. The capstone utilized a five phased approach to 
answer the primary question raised in the problem statement: 
• What is the significant SA information relevant to the FLRAA copilot in a 
MEDEVAC mission scenario?  
The primary question was answered through the culmination of answering the 
following sub questions: 
• What overarching function holds the highest proportion of tasks expected 
to be performed by the MEDEVAC copilot?  
• What are the most frequently observed interactions between SA 
information and the various tasks that the copilot performs? 
• What level of SA is the most frequently required by a MEDEVAC 
copilot? 
• What observation techniques (OT) are the most frequently used by a 
MEDEVAC copilot? 
• What technologies are used most frequently to manage the copilot’s SA 
and decision making?  
The five phased approach also provides a framework for evaluation of systems to 
increase SA under each of the U.S. Army aviation overarching functions. Additionally, this 
capstone project provides the HSA-DM a framework to implement maintainable SA 
information to a FLRAA copilot engaged in a MEDEVAC mission. The literature review 
revealed multiple studies, methodologies and tools have been performed and utilized to 
understand and evaluate the SA of military and commercial pilots and copilots. The 
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objectives of these evaluations are to increase and maintain the SA of pilots and copilots 
while identifying areas to reduce cognitive workloads. 
A. CONCLUSIONS 
The task classification analysis revealed that MEDEVAC tasks may include 
multiple function types simultaneously which challenge the crew to apply their training 
and knowledge in multiple simultaneous situations. The 144 identified aviate functions, 34 
weapon engagement functions, and 59 survivability and localized threat awareness 
functions were excluded for further analysis since these typically do not fall under the 
copilot activities during MEDEVAC missions. However, the pilot could potentially request 
that the copilot perform any of the tasks, which would only increase the SA burden on the 
copilot. 
1. Sub Question: What overarching functions hold the highest 
proportion of tasks expected to be performed by the MEDEVAC 
copilot? 
A taxonomy of data organization and refinement was completed and revealed that 
during a MEDEVAC mission, the most tasks assigned to a copilot are under the 
Communicate and Subsystem Status overarching functions. This conclusion supports the 
sub question: What overarching functions hold the highest proportion of tasks expected to 
be performed by the MEDEVAC copilot? The results show that 67.5% and 52.1% of the 
MEDEVAC copilot tasks fall under Communicate and Subsystem Status functions, 
respectively. While 29.9% and 28.2% of the MEDEVAC copilot tasks fall under OV-1 
Awareness and Navigate, respectively. During the communicate function, the copilot is 
expected to have internal, external, verbal, and non-verbal communications of the pilot’s 
intentions, requests, or other essential information with air traffic controllers, other aircraft, 
other members of the crew and ground personnel during flight. During Subsystem Status 
the copilot is expected to monitor and respond to flight, mission, and weapon systems 
statuses and diagnostics affecting safety of flight or mission accomplishment. 
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2. Sub Question: What are the most frequently observed interactions
between SA information and the various tasks that the copilot
performs?
An OTA was performed to analyze the human interactions required for each of the 
MEDEVAC copilot tasks. This analysis resulted in the identification of the required SA 
information for each of the tasks. The relationships between the SA information and the 
tasks were captured in an Excel spreadsheet as well as modeled in Innoslate, and the 
analysis of these relationships revealed through the pareto chart in Figure 15 that the most 
significant SA information to the FLRAA copilot in a MEDEVAC mission scenario is 
composed of visual observations, maps, information received via radio calls, calculated 
weight, and fuel information. From the pareto chart, the top 5 most frequent SA information 
for the 117 tasks made up 28% of the cumulative total of interactions. 
3. Sub Question: What level of SA is the most frequently required by a
MEDEVAC copilot?
The analysis of the copilot tasks to determine the SA level, potential errors, and 
OTs led the capstone team to conclude that most tasks, 49.6% require the copilot to have 
an SA of Level II. SA Level II requires the copilot to perceive and comprehend the data in 
order to make a decision in the current environment or situation, which requires an elevated 
level of SA.  
4. Sub Question: What observation techniques are the most frequently
used by a MEDEVAC copilot?
The data from the analysis revealed that when a MEDEVAC copilot requires the 
use of multiple OTs, most of the tasks require him/her to perceive and comprehend the data 
(Level II) and that most tasks, 73.5%, in a MEDEVAC mission are observed visually  
5. Sub Question: What technologies are used most frequently to manage
the copilot’s SA and decision making?
The Function to Form analysis revealed multiple useful factors to consider in the 
future when selecting the onboard systems for FLRAA platforms. As shown in Table 8, 
the MFD is currently supporting SA for the completion of 33 out of 117 tasks, which is 
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22% more than the next highest system (the radio). This is not surprising since, as the name 
indicates, it is multi-functional. It is an essential system that has a high degree of utilization. 
It provides visual representations of information derived from a multitude of instruments 
(such as the airspeed indicator and altimeter), fuel levels from the engine indicating and 
crew alerting system (EICAS), blue force tracking, weather radar, and more, on multiple 
selectable screens tailorable to the copilot’s needs and preferences. Table 8 also 
demonstrates that the system with the next highest number of SA deriving tasks is the radio. 
This also comes as no surprise since the MEDEVAC mission requires coordination with 
multiple controlling agencies and ground forces. The potential for advancement in this case 
may be to alleviate the necessity for the copilot to manually copy down information passed 
over voice. Automated generation of text from voice communications would allow the 
copilot to maintain visual focus outside of the aircraft, which happens to be the method for 
deriving the next highest level of task SA. 
B. RECOMMENDATIONS
This capstone report has two primary audiences which include the HSA–DM 
program office and FVL program office. The following five recommendations are provide 
for future studies.  
1. Use Phase III results to design the FLRAA cockpit.
            The capstone team recommends that the stakeholders further evaluate the top five 
pieces of SA information identified in this capstone project that are involved with the most 
U.S Army aviation functions. Based on this information, focus cockpit designs to provide
this SA information in the most meaningful way to the copilot. Some areas involving a
high volume of tasks which could be focus areas for improved technologies are:
1. How maps are presented
2. How fuel information is provided
3. How radio communication is provided
4. The best way for the copilot to make visual observations outside of the
aircraft unobstructed
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5. How the aircraft weight and balance are presented
It would be most advantageous to assess the presentation for all 91 identified pieces 
of SA information required for the MEDEVAC copilot tasks, but in today’s budget-
constrained environment, it is likely not feasible to assess all these mechanisms at first. 
Therefore, it is recommended to place the most focus on the SA information that is the 
most frequently required for the copilot tasks. 
2. Build upon MBSE model for future analysis.
The capstone team recommends any future capstone teams and stakeholders utilize 
MBSE tools (such as Innoslate) to further analyze the OTA and spider diagram modeled 
by the capstone team. The OTA presented the relationships between the tasks and the SA 
information. MBSE tools can further break down tasks into functions that can be linked to 
a material solution. Tasks can also be time-phased to show stacked tasks running in parallel 
and subsequently when related SA information could be overwhelming or underwhelming 
at any given time during a mission scenario. The spider diagram can be used as a visual 
tool to organize the relationships between the different segments of SA and demonstrate 
where the highest concentrations of relationships reside. 
3. Survey the user community.
The capstone team recommends that the stakeholders perform Taylor’s SART 
model on the HH-60 and UH-60 crew members through surveys to capture the significant 
cognitive workload drivers during a mission. The questions should be tailored to capture 
information related to crewmember’s experiences in flight and how their SA is impacted. 
The data from the surveys can uncover onboard device shortfalls or areas of improvement 
within the cockpit to improve overall SA. 
4. Complete a market analysis to identify the latest or emerging
technologies for cockpit SA.
The capstone team recommends that the HSA-DM program office complete a 
comprehensive market survey of current and emerging technologies for cockpit SA. The 
market analysis should seek technologies that would improve SA in maps, information 
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transmitted via radio calls, visual observations, OV-1 information, and fuel information as 
found in this study. These five items impacted the copilot the most during mission 
operations, and technologies in these areas would be beneficial to include in cockpit 
designs and layouts in the future.  
5. Expand the study to other users/platforms/missions.
The capstone team recommends that the HSA-DM program office expand the 
capstone study to other users, platforms and missions. The HSA-DM program office 
requested that the capstone team focus its efforts on the MEDEVAC mission and copilots 
SA. The capstone team’s five-phased methodology can easily be repeated to evaluate other 
tasks within various mission sets and aircraft variants. The HSA-DM can leverage the 
information and templates within this capstone study to request capstone teams consider 
other missions in the future that require further analysis. 
51 






















THIS PAGE INTENTIONALLY LEFT BLANK 
61 















THIS PAGE INTENTIONALLY LEFT BLANK 
67 




SA Info UID SA Information Task UID
1 Radio call 14, 15, 132, 185, 188, 243, 362, 448, 449, 450
2 Radio Configuration 447, 451
3 Terrain Information 17, 187
4 OV-1 Information 17, 100, 116, 117, 121, 131
5 Mission Status 18
6 Patient/personnel 443
7 Location 100, 116, 117
8 Wind Speed/Direction 100
9 Available communication configuration 103, 110
10 Heading 104
11 Maps 104, 240, 244, 245, 246, 247, 269, 368, 369, 370
12 Altitude 104, 321
13 Waypoints 104
14 Planned Route Information 104, 116, 117, 227
15 Progress 104
16 Fuel Information 105, 230, 233, 234, 235, 268, 269
17 Fuel Distribution (Aux. Tanks) 105
18 Communication from subordinate leaders 115
19
Initiation of Initial IIMC Recovery Procedures
335
20 Photo Available 240, 244, 245, 246, 247
21 Communication from Recon/Security Assets 121
22
Notification of arrival at checkpoints and NAIs 
within the area of responsibility
122
23 Visual Observations 130, 241, 243, 244, 245, 246, 247, 396, 397, 465, 480
24 Audible 130
25 Atmospheric Conditions 130, 254, 255
26 Radar Indication 133, 185
27 Reciept of logistics 135
28 Logged configurations 168
29 Calculated Weight 170, 175, 176, 177, 180, 181, 182, 215
30 Calculated pressure altitude 171
31 Observed temperature 172
32 Calculated torque 174, 179
33 Calculated CG 181, 182
34 Software Version Number 184
35 Weather Observations 185
36 Receipt of new mission routes 186
37 Mission Flight Computer 189
38 Turbulance 193
39 Receipt of Payload 193
40 Payload change in the aircraft 194
41 Drift 211
42 Altitude Changes 211
43 Visual attention required inside the aircraft 212
44 Agreed upon scan sectors known 213
45 Current gross weight 214
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SA Info UID SA Information Task UID
46 Power Available 216
47 Avionics Systems Understanding 218
48 Requirement to Contact New ATC Facility 219
49 Message to pass to aircrew 220
50 Transmission inhibited by radio failure 221
51 Mission objective location 225
52 Maintenance of course 226
53 Mission flight distance 229
54 Duration Requirement 229
55 CG Information 231, 271
56 Time 233, 234
57 VFR Conditions 240
58
Observed high or difficult terrain in 
reconnaisance area
242
59 Weather Radar Data 243
60 Data Passed from Ground Unit 243
61
VMC conditions with the landing area 
reconnaissance complete
248
62 ERFS Operation Status 272
63
Emergency, Warning, Caution or Advisory 
Indication
273, 278, 280, 281
64 Mission information messages 290
65 Navigation Aid Configuration 291
66
Command Instrument System Procedures 
(A/L)
296
67 Receipt of Mission Task 296
68 Flight Plan 299
69 Current MFD Page 300
70 MFD Page Navigation Information 300, 341
71 Command from Pilot 301
72 Holding instructions 305
73
Appropriate Department of Defense Flight 
Information Publication (DOD FLIP)
305
74 Entry into new holding area 306
75




Digital Map display required to display 
alternative information
342
77 Communication Options 360
78 MIssion requirement to broadcast IFF 365
79
Situation warrants submission of a TACREP 
(sufficient information to compile a tactical 
report)
367
80 Position Information 368, 369, 370
81 Damage Indication 379, 380
82 Need for a tactical report received 382
83 Receive request for hoist via comms 385
84
Condition of Patient/personnel requiring 
hoist operation
386
85 Patient/personnel requiring hoist operation 387, 388
86 Receive request for rescue hoist via comms 389
87 Audio Indication 396
88 Aircraft Configuration 433
89 Aircraft Speed 433
90
Condition for tactical report to be transmitted
468
91 Patient/Personnel Upload 410
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